Introduction
Since the 1990s, researchers in economic geography have largely highlighted how regional innovation systems (RISs) 1 may contribute to shaping a firm's innovation capability (Amin and Thrift, 1994; Asheim and Isaksen, 1997; Asheim et al., 2003; Cooke, 1992; Cooke et al., 1998; MacKinnon et al., 2002) . Contributions in the literature have also shown how RISs often encompass specific cluster specializations (Amin and Thrift, 1994; Asheim and Isaksen, 1997; Saxenian 1994) .
Clusters themselves contribute to determining the type of regional system and may strongly affect the local socio-economic and institutional relations present in the region (Eraydin, 2005) .
Recently, some authors have analysed empirically the relationship between firms in specific industries and RISs and some types of international innovation networks such as the ones aimed to source innovation (Blažek et al., 2011; Belussi et al., 2010; Giuliani and Bell, 2005; Isaksen and Onsager, 2010; Martin and Moodysson, 2013; Moodysson et al., 2008; Sotarauta et al., 2011; Tödtling et al., 2011) . The research has shown how in some RISs with specific cluster specialization, international innovation networks may play a complementary role to local networks.
With a few exceptions (e.g. Chaminade and Plechero, 2015 ) the existing studies have based the analysis on single cases and European regions. Therefore, although there is an increased interest from scholars in understanding the interaction of international networks with territorial dynamics and regional development (Cooke, 2013; Parrilli et al., 2013; van Egeraat and Kogler, 2013) , the empirical analysis that also compares different regions outside Europe is still in its infancy. The existing studies have also tended to treat international networks as one single category, and therefore have not distinguished between international networks with geographically close partners and those with partners from geographically distant locations, or, in the words of Dicken (2007) , between regionalization and globalization. The latter is the focus of this paper.
What remains overlooked so far by the literature is: 1) explicit attention to firms' global linkages, that is, linkages that are explicitly across Triad and non-Triad partners; 2) a systematic comparison of RISs in developed and developing countries-particularly emerging economies-in which firms may answer to different conditions and degrees of involvement in the formation of global innovation networks (GINs).
This paper contributes to filling these two gaps by comparing firms' patterns for global collaboration for innovation in different types of RISs in developed and emerging economies. Our main objective is to understand whether the degree of maturity or specialization of a RIS is related to the geography of the firms' innovation networks. Furthermore, we move beyond the existing literature, which treats international linkages as one geographical scale, distinguishing between truly global networks (involving Triad and non-Triad countries) and other international networks involving countries with a similar degree of development. Using firm-level data collected through a survey in [2009] [2010] in two developed countries in Northern Europe (Norway and Sweden) and two emerging economies (China and India), we investigate specific patterns for global collaboration for innovation.
The paper is structured as follows. The next section discusses the theoretical framework. Section 3 describes the methodology, the data sources used for the analysis and the empirical analysis itself.
Section 4 summarizes the main results. The final section concludes with some remarks on policy implications.
Main conceptual framework

Global innovation networks
Recently, scholars in the international business literature, economic geography and more in general in innovation studies have increased their interest in the globalization of innovation activities-in contrast to solely production-and to the surge of some forms of innovation networks across national boundaries (Barnard and Chaminade, 2011; Cantwell and Piscitello, 2005; Dunning and Lundan, 2009; Reddy, 2011; Sachwald, 2008; Saliola and Zanfei, 2009; Zanfei, 2000) . Some works in economic geography (Balland et al., 2013; Cassi et al., 2012) have been particularly focused on looking at how networks in specific sectors evolve at international level. Although these studies are an attempt to capture the surge of global innovation networks, they focus on the organizational relations and the structural characteristics of the network using indicators such as co-patenting and co-funding projects, which are only common in specific activities and countries.
In this paper, we study the networks that involve actors located geographically in both developed and developing economies, and we refer to a global network only when the firm's most important innovation has required collaboration among actors belonging to the Triad (US, Europe and Japan) and outside the Triad. The paper investigates particularly GINs among actors involved in the development of new-to-the-world innovations. The treatment of GINs in this paper encompasses networks that include other organizations than firms, such as governments, universities and research institutes and laboratories, and investigates not only product and process innovation but also innovation related to supporting activities.
Local innovation networks and regional innovation systems
The main argument in economic geography is that innovative activities tend to remain geographically contained and concentrated in clusters and regions, more so than production activities, because of the sticky, intangible and embedded nature of knowledge (Asheim and Gertler, 2005; Audretsch and Feldman, 1996; Bathelt et al., 2004; Maskell and Malberg, 1999) .
In general, firms located in RISs that have a strong organizational infrastructure (a high number of heterogeneous organizations located in the region), a dense network of supporting institutions and a high level of interaction among the local actors, usually rely on their local innovation network (Cooke et al., 2000; Tödtling et al., 2011) . This may be explained in terms of organizational and institutional thickness (Amin and Thrift, 1994) . In thick RISs the networks of innovation tend to be local (Tödtling et al., 2011) , while in thin RISs the networks of innovation tend to be more international. The former case is particularly true if there is already a regionally constructed advantage in terms of a specific cluster agglomeration in the RIS (Asheim and Coenen, 2005) .
Moreover, successful RISs have a tendency to exploit knowledge resources in close proximity since seeking knowledge from abroad may be subject to transactional costs or distance decay (Bode, 2004, p. 51) .
The degree of specialization of the region in a particular industry may also affect the involvement in global networks. Firms located in regions with a high degree of specialization in a certain industry may not have incentives to engage in global networks since all the specialized suppliers are colocated in the same region (Amin and Cohendet, 2004; Bathelt et al., 2004; Uzzi, 1997) .
We may, therefore, expect that, when firms are located in strong RISs with a high industrial specialization, they will tend to rely more on regional networks than firms located in other RISs, despite their location in developed and emerging economies.
Local innovation networks versus global innovation networks: the local-global debate
During the last decade, increasing attention has been paid to the role of global sources of knowledge for the competitiveness of European firms and regions, pointing to the role of international innovation networks as complementary to local innovation networks (Asheim and Gertler, 2005; Asheim and Isaksen, 2002; Bathelt, 2008; Gertler and Levitte, 2005; Moodysson, 2008; Martin and Moodysson, 2013) .
The dynamics of local-global linkages from the point of view of the geography of knowledge flows have been investigated empirically mainly in relation to RISs in developed countries (Bathelt et al., 2004; Coenen et al., 2004, Martin and Moodysson, 2013; Moodysson, 2008; Moodysson et al., 2008; Plum and Hassink, 2011; Tödtling et al., 2011 (Chaminade and Vang, 2008; Padilla-Pérez et al., 2009; Ptak and BagchiSen, 2011 ).
The dependence of developing economies, in particular emerging economies, on global linkages and foreign technologies for sustaining indigenous innovation is clearly highlighted by other branches of literature in innovation and business studies (Bell, 2006; Fu et al., 2011; Hobday, 1995; Humphrey and Schmitz, 2002; Marin and Arza, 2009; Pietrobelli and Rabellotti, 2007) . The evidence also shows that the dynamics of growth and development at the national and regional levels in emerging economies, in particular in East Asia, have often been well supported by firms' trans-local networks (Asheim and Vang, 2006; Fromhold-Eisebith, 2002; Ivarsson and Alvstam, 2005; Schiller, 2012; Wang and Tong, 2005) .
Finally, the most recent literature shows that many companies-although present in the most dynamic regions in emerging economies-are nowadays addressing their asset-seeking strategies overseas with the aim of creating important global linkages with innovation environments in developed economies (through, for example, the offshoring of innovation in the most dynamic and innovative regions) (Athreye and Kapur, 2009; Barnard and Cantwell, 2008; Niosi and Tschang, 2009 On the basis of this premise, we expect that regions in emerging economies relate differently to
GINs from those in developed economies, and in particular we expect that firms in RISs in emerging economies rely more on GINs than firms in RISs located in developed economies;
although the lack of some other type of proximities (cognitive, social, organizational and institutional) may limit sophisticated interactions for innovation (Boschma; Giuliani and Bell, 2005) . Since the data were collected at the national level, the response rate to the questionnaire for ICT is available only at this level, and we cannot provide a regional figure: in China, the response rate was 2.7%, in India 25.2%, in Norway 11.9% and in Sweden 10.3%. Table 1 below provides a summary of the responses received from the ICT industry in each region for the cleaned sample considered in this paper. To run an econometric analysis, we excluded regions with only a few cases or without an ICT cluster specialization. Table 2 shows the main sample statistics related to size, organizational form and ICT-specific activity.
Methodology
Sample and questionnaire
[Insert Table 1 here]
As can be observed in Table 2 , in Sweden and Norway a firm is typically a standalone small firm, with fewer than 50 employees, in computer programming. In China and India, firms are typically larger-medium and large companies. In China, the largest proportion of firms consists of headquarters or standalone firms, specializing in ICT equipment manufacturing, but also computer programming. In India, the majority of firms are also standalone, although there is a high proportion of subsidiaries in Pune and New Delhi (those subsidiaries can be both Indian and foreign multinationals). As expected, India specializes in computer programming and other IT services.
[Insert Table 2 here] Table 2 clearly shows a high level of heterogeneity in the sample. In order to take this diversity into account, we employed an econometric estimation endowed with a series of controls capable of capturing the relation of different types of RIS with firms' innovation networks.
Variables
Dependent variable (collaboration for innovation)
In order to assess how firms belonging to different types of RIS may engage in collaboration for 
Independent variables
In order to explore the relation between RIS and the geographical spread of networks for collaboration for innovation, the regions with an ICT specialization in the sample were classified on the basis of two criteria that, even without detailed information about the specific RISs investigated in this paper, may help to distinguish two important basic typologies.
As the first step, we grouped the RISs located in developed economies (Norway and Sweden), distinguishing them from those located in emerging economies (China and India). Many RISs in this area represent the best examples of the efforts that regional governments put into building strong regional institutions and strengthening the efficiency of the regional innovation system (Asheim and Coenen, 2005; Cooke et al., 1998; STEP, 2003) . In contrast, RISs in emerging economies, despite the rapid growth of some of them, do not show the high degree of integration and interaction that characterizes RISs in developed countries (Chaminade and Vang, 2008; PadillaPérez et al., 2009 ). In many emerging economies, a lack of institutional and legal infrastructure can be observed at both the national and the regional levels. At these levels, the questionable quality and number of knowledge infrastructures, as well as the presence of a certain level of corruption and inequality, make the development of well-functioning regional systems sustaining innovation difficult (Bai, 2013; Li, 2009; Ptak and Bagchi-Sen, 2011; van Kampen and van Naerssen, 2008) .
Therefore, in these contexts, the efficiency of RISs is often well below that of RISs in mature regions in developed economies because the institutions that govern and characterize these contexts are in general weaker.
On the basis of these considerations, we built emergRIS, a proxy capturing with 1 the case in which the RIS is positioned in an emerging economy and with 0 that in which the RIS is positioned in a developed economy.
As the second step, we grouped the RISs with a higher degree of specialization in ICT. In order to proceed with this classification, we wanted first to create some indicators that were able to define all the investigated RISs on the basis of some common criteria. Unfortunately, we suffered from a lack of objective indicators for emerging economies that could facilitate a comparison between different RISs. For this reason, we decided to rely mainly on the literature on qualitative research and industry reports and see whether a series of main studies on the argument could help us to group together the most successful RISs with an ICT cluster specialization. The information collected allowed us to single out the three most successful RISs (one for the Scandinavian area, R&D centers there and have been the fundamental actors in the earlier development of this cluster, providing the first input for the circulation of local knowledge flows (Fromhold-Eisebith, 2002) .
With respect to other regional clusters in India, Bangalore indeed has a higher propensity to collaborate with regional actors, particularly with universities, consultants and R&D companies (Malik and Ilavarasan, 2011a; Parthasarathy and Rabganathan, 2011) . The most important software firms and research initiatives related to the sector are also clustered in Bangalore, where the presence of professional institutions, universities and industry-university partnerships has further supported the local ICT technical and professional community (Asheim and Vang, 2006) . Beijing is considered to be the scientific and technological heart of China and thus is the leading science and technology region in terms of both its research infrastructure and its innovation performance (Guan et al., 2009 ). The region is also specialized in high-tech industries, the innovation performance of which is among the best in China, particularly in relation to the ICT hub (Chen and Kenney, 2007; Guan et al., 2009; Lv and Liu, 2011; Zhou et al., 2011) . One of the most important IT science parks, the Zhongguancun Science Park (ZGC), is also located in Beijing.
Beijing, with respect to other ICT hubs in China, has a higher degree of specialization in software and Internet services (Zhou et al., 2011) . According to China's Economic Census (2008), the Beijing region alone accounts for more than 6,000 software firms. Moreover, around one-third of professionals in China in advanced computing and software and around half of those in advanced intelligent systems integration and in semiconductors are working in Beijing (Lv and Liu, 2011) .
The rest of the RISs analysed in the sample, although showing a certain ICT specialization and the presence of institutional support at the time at which the interviews were conducted, did not show the same presence of knowledge infrastructure, innovation dynamics and ICT occupation levels as the three aforementioned ICT-specialized RISs in general, or for each specific country area considered in particular (Scandinavia, China and India).
On the basis of the above considerations and the information and references presented in Appendix A, we built the proxy ICTRIS, capturing with 1 if the RIS is considered to be the RIS with the highest specialization in ICT in the different areas (Scandinavia, India and China), and 0 otherwise.
Control variables
The nature of innovation is an important variable for determining whether we are looking at a GIN or not. We built the proxy worldnew, a dummy variable giving a value of 1 to firms that have experienced new-to-the-world innovation in the past three years, and 0 otherwise. In this way, we can achieve a better evaluation of the global innovation network in which actors involved in newto-the-world innovation participate.
Since ICT is a heterogeneous industry, we controlled for the specific type of activity that the firms in the survey described as their main area of activity. We then controlled for certain structural variables within firms (size and organizational type) that could affect the capabilities of the firms to develop networks. Finally, we also controlled for firm performance related to foreign sales. This is due to the fact that firms with international experience (even if simple) may be facilitated in developing global linkages (Dunning and Lundan, 2008; Johanson and Vahlne, 1977) .
Appendix B summarizes this line of argument and presents the main statistics related to the variables. Appendix C presents the correlations between the variables.
The econometric analysis
To see whether there is a relation between the geographic spread of an innovation network and the different types of RIS, we ran an econometric analysis. We could exploit the information described above using an ordered logit model. However, the Brant test certified that the proportional odds assumption was violated. We thus applied the generalized form of the ordered logit model, which allows different coefficients to be estimated for different category switches. 6 The results of the relative equations are presented in Table 3 .
[Insert Table 3 here]
Empirical findings
Equations 1 to 3 show that the probability of engaging in collaboration for innovation external to the firm is generally lower for firms located in a RIS in an emerging economy than for firms located in a RIS in a developed economy (the coefficient of the variable emergRIS is significant and negative). In other words, for a firm, being located in a RIS in an emerging economy is not particularly encouraging for creating external collaborations for innovation.
Despite the fact that firms in RISs located in emerging economies appear to be less open to external-to-the-firm innovation networks, Equation 4 also shows that RISs in emerging economies have a higher probability than those located in developed economies of linking to global partners (in the fourth equation, the coefficient is positive and significant at the 0.05 level). This is particularly evident when the external collaboration for innovation involves firms that develop newto-the-world innovation: the interaction term worldnew*emergRIS has a coefficient that is nonsignificant for all the equations but the last, Equation 4, in which the coefficient is positive and significant at the 0.05 level. This means that firms in RISs in emerging economies have a higher probability of participating in GINs than those located in RISs in developed economies and that this probability is even higher if firms are involved in developing innovation with the maximum degree of novelty. For this type of innovation, the resources at the regional level may be insufficient, and, therefore, the firms may need to seek resources to generate innovation by collaborating with firms and other organizations that are located in more dynamic innovation environments, usually present in the Triad. This finding confirms that RISs in emerging economies rely more on GINs than RISs located in developed economies. Another interesting result from our empirical analysis is that being a firm located in a leading RIS specialized in ICT affords a higher chance of developing collaborations for innovation since the firm may count on a much more dynamic environment related to that cluster specialization (widespread ad hoc knowledge infrastructures, more attention from the government on developing policies for that particular industry specialization). Equation 1, related to the variable ICTRIS,
shows that being a firm located in an ICT-specialized RIS implies having a higher probability of forming collaborations for innovation external to the firm. Despite there being no significant difference with respect to the other less successful RISs in their probability of forming international and global collaborations (Equations 3 and 4), Equations 1 and 2 together show that for the former the collaborations for innovation continue to be more tightly linked to their regional and domestic context. This finding confirms that firms located in highly ICT-specialized RISs tend to rely more on networks of innovation within a short geographical distance.
The results also show that the micro characteristics of the firms matter, particularly the international experience of the firm. Firms that have a significant share of sales activities abroad are also much more connected to wider networks, and particularly global innovation networks. This is also true for large firms. As expected, in general, headquarters have a higher probability of developing collaboration linkages, while firms that are standalone companies have a lower probability of establishing linkages that are international or global.
The results also show the expected heterogeneity in the ICT sector: in Equations 2 and 4, the coefficients capturing the effect of performing ICT consultancy rather than being specialized in other activities are significant and negative. Equation 4 shows that firms specialized in this activity have a lower tendency to be involved in GINs.
Conclusions
This paper is an exploratory attempt to compare the geography of knowledge flows between regions in developed and developed countries. It adds to the recent local-global debate by providing evidence of when and how a regional innovation system may support the emergence of strong international or even global linkages and when and how one could expect geographically closer interactions. Our paper also adds to the current empirical evidence by making a distinction between collaboration for innovation that has a clear global character (involving partners from Triad and non-Triad countries), and international collaboration for innovation (with a more limited geographical scope).
In relation to GINs, our data suggest that the level of maturity of RISs matters. In general, firms in RISs in emerging economies seem to rely much more on global networks than firms in RISs in developed countries. Not only do firms from the former type of RIS engage more in collaboration for innovation with global partners (partners that are located in the Triad), but the nature of the innovation (new-to-the-world types of innovation) in which some of the firms are involved, and the typology of partners engaged in the network (not only firms but also foreign universities, research laboratories or governments), show how in these systems there is a tendency for firms to develop asset-seeking strategies at the global level, aiming to take advantage of the most dynamic environments in developed economies. As these RISs are still in formation, firms seem to encounter a general difficulty in creating regional collaborations, and, therefore, they are probably reluctant to rely only on local networks of collaborators for generating innovation. This result is coherent with previous research on emerging multinationals that argues that these firms use the internal networks to compensate for their weak regional innovation systems (Chang and Hong, 2002; Khanna and Yafeh, 2007) .
We also observe that the degree of specialization of the RIS matters for the geography of collaboration for innovation. Regional innovation systems with a higher degree of specialization in a certain industry, such as Stockholm, Bangalore or Beijing in ICT, seem to be more attractive for the establishment of regional or domestic networks, even when those RISs are located in emerging economies. What the results seem to suggest is that the relative liability of firms located in emerging economies in terms of their limited access to the resources needed for innovation may be compensated for if there is a high degree of specialization in a particular region, thus making local interactions more attractive, even though global linkages become crucial when the firm is engaged in new-to-the-world innovation.
The results of this analysis indicate that the structural characteristics of the firms remain very important in determining the capabilities of a system to link with GINs. Not all firms in the different types of RIS have equal possibilities to engage in GINs. It is mainly large firms, multinationals and firms with international experience that have the competences to engage in GINs.
Some policy implications can be drawn from this analysis. RISs in emerging economies may need better support from regional government to strengthen the general initiatives of collaboration and interactions with global partners, particularly if they are not located in a highly ICT-specialized region. This is particularly important when the firm attempts to develop new-to-the-world innovations. Collaboration with developed countries may speed up the time of technological learning of firms in emerging economies, but with the condition that firms possess the capabilities to interact with those partners (Bell, 2006; Giuliani and Bell, 2005) . Policy initiatives may be directed towards strengthen the capacity of local firms to interface with partners from different institutional and cultural backgrounds, and to provide incentives for firms with higher interface capabilities to act as regional gatekeepers of global linkages and contribute to the diffusion of new knowledge in the local context. This paper is of an exploratory nature. A more nuanced discussion of the role of RISs in engagement in global innovation networks requires access to reliable data at the level of the region.
While this is possible in European regions, it remains a serious challenge in developing countries.
Due to the lack of statistics at the regional level, one can only rely on proxy measures based on qualitative information or on data collected directly in the researched regions. This remains for further research. 
Notes
1 RIS is here intended as the local social, economic and institutional milieu where firms and knowledge provider organizations interact systematically to support knowledge and learning (Asheim and Gertler, 2005) 2 In accordance with the definition of global collaboration used in this paper, we tried to ensure that a network was considered truly global in cases in which there was at least one interaction between an actor in the Triad and an actor in a developing economy outside the Triad. We consider global networks to be networks built between firms from RISs in the European Nordic countries cooperating with other firms and organizations outside the Triad (namely, in South America and/or Africa and/or Asia, with the exclusion of Japan and Australasia) and firms from RISs in India and China cooperating with other firms and organizations in the Triad (namely, North America, Japan and Australasia, or other EU regions). Even though this indicator is not precise in pointing to the exact geographical location of partners at the specific country level, it allows us to determine whether the type of collaboration in the network is really geographically spread among countries with different cultures and traditions and at different stages of industrialization. 3 To enable a better comparison between regions in two very small countries such as Sweden and Norway, with regions in China and India, we grouped together the RISs in Norway and Sweden. This is highly plausible as the two countries have in common Nordic cultural, historical and linguistic characteristics and are very much integrated with one another. 4 Stockholm can be considered the most important ICT hub in Scandinavia. 5 The RIS Scoreboard classifies the main European regions according to different indicators of regional innovation performance related to regional enablers, output and firms' activities. 6 The generalized ordered logit has a caveat, i.e. it generates a number of in-sample cases with a predicted probability of less than 0. If this number is limited (in our case, 12.8% of the resulting sample), this does not create a problem, but of course it is a parameter that should be minimized when choosing the model to employ. For example, among the ICTrelated dummies, we chose to include only ICT consultancy, not only because its nature is really different from that of the other ICT-related activities, but also because it guarantees the minimum number of these cases. Another issue we had to control for was multicollinearity. We computed the variance inflation factor and found that the highest value was 2.03, certifying that there is no problem with correlation between regressors. 
